Geriatric patients often sustain life-threatening injuries from minor trauma. A growing body of research suggests that these patients are often under-triaged in the emergency setting. The purpose of this research was to evaluate whether or not geriatric trauma patients are undertriaged at a community based level II trauma center. 1434 trauma patients over the age of 65 presenting from 2010-2015 were retrospectively reviewed from the Cabell Huntington Hospital trauma registry and analyzed for age, gender, arrival type, ED response, Glasgow Coma Scale (GCS), Injury Severity Score (ISS), injury cause, ICD-9 diagnosis codes, and mortality. Under-triage and over-triage rates were determined using the Cribari method (under-triage = ISS ≥ 16 without full trauma team activation [TTA]; Over-triage = ISS ≤ 15 with full TTA).
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Introduction
West Virginia has the second oldest population in the country based on percentage of residents ≥ 65 years of age. 1 This elderly demographic dramatically impacts delivery of trauma care as geriatric trauma patients can sustain life-threatening injuries from even minor trauma. 2, 3 Patients who do not undergo a trauma team activation (TTA), despite sustaining injuries consistent with TTA, are considered to be under-triaged and a growing body of research indicates geriatric patients are often under-triaged in an emergency setting. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Unfortunately, the elderly have no specific and standard criteria for TTA despite having higher hospitalization and mortality rates. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] As a result, it is less likely for them to undergo TTA. 3, 10, 14, 15 Several studies have even recommended advanced age to be made an additional criterion for TTA with the hope to decrease under-triaging and improve the emergent care of geriatric patients. 4, 5, 8, 9, 11 This study evaluates the TTA response to geriatric patients presenting to a community based level II trauma center (Cabell Huntington Hospital [CHH]) over the past 5 years (2010-2015). Two critical factors in data analysis are the use of the gold standards for evaluating neurological and physical trauma in the emergency setting: The Glasgow Coma Scale (GCS) and the Injury Severity Score (ISS), respectively. The GCS focuses on a three-tiered neurological summary based upon ocular, verbal, and motor elements. This results in Mild (14-15), Moderate (9) (10) (11) (12) (13) , or Severe (0-8) injury status. 16 GCS directly correlates to disability and mortality outcomes and functions as an index of injury severity. 16 The ISS is a more complex rating system that uses Abbreviated Injury Scales (AIS) for six body regions of: head and neck, face, chest, abdomen or pelvis, extremities or pelvic girdle, and external surface in order to create generalized injury score. 17, 18 ISS is derived from sum of the three highest AIS scored body regions that are squared individually. An ISS score of 15 or higher is considered to be major trauma and typically involves TTA.
The purpose of this research was to evaluate whether or not geriatric trauma patients are undertriaged at a community based level II trauma center. It is our hypothesis that geriatric patients are under-triaged at CHH and an age specific TTA criterion is warranted.
Methods
This research study received Institutional Review Board approval (702627). Data and statistics were retrospectively reviewed and calculated from CHH trauma registry for January 2010 through December 2014. Other data analysis includes: gender, arrival type, ED response, GCS, ISS, cause of injury, ICD-9 diagnosis codes, and mortality.
Under-triage and over-triage rates were determined using the Cribari method: under-triaged patients are defined as ISS ≥ 16 without full or partial TTA; over-triaged patients are defined as ISS ≤ 15 with full TTA. CHH procedures are set in accordance with the American College of Surgeons (ACS-COT) at < 5% for under-triage and < 50% for over-triage. The ACS-COT criteria for priority 1 (full) TTA is shown:
Criteria for priority 1 (full) Trauma Team Activation
• Confirmed blood pressure less than 90 mmHg at any time in adults and age specific hypotension in children • Gunshot wounds to the neck, chest, or abdomen or extremities proximal to the elbow/knee • Glasgow Coma Scale score less than 9 with mechanism attributed to trauma • Transfer patients from other hospitals receiving blood to maintain vital signs • Intubated patients transferred from the scene, -OR - Average ISS and mortality rates were calculated for the most common ICD-9 diagnoses and GCS values were collected. Statistical analysis was completed using a confidence interval of 95%.
Results
There were 1,434 trauma patients ≥ 65 years of age admitted during the 5 year study period. Full TTA was seen in 41 patients (2.9%). The remaining 1393 patients received partial, or no TTA (97.1%). Characteristics of the entire study population are shown in Tables 1 and 2. The analysis revealed 45 patients with GCS of ≤12 had an average ISS of 21.5 and mortality rate of 60.0%. In addition, the 326 patients who sustained head trauma, but exhibited a GCS of ≥ 13, had a lower average ISS of 10.2, with a significantly lower mortality rate at 1.2%. It is interesting to note that the current protocol for partial TTA is GCS ≥ 8 and ≤ 13. Our data demonstrates a much higher mortality risk in the patients with head injury with GCS ≤ 12.
Further analysis of data, as shown in Table 3 , discovered that in the subset of head injured patients with 60% mortality risk, only 4% (2/45) had priority 1 TTA. The top 10 under-triaged diagnoses are highlighted in Figure 1 . Head trauma was the most common injury seen in under-triaged patients, followed by intracranial hemorrhage, and vertebral fracture. This figure further shows the higher number of geriatric patients with head trauma being under-triaged compared to other injuries. It must be noted that multiple diagnoses can be realized for each patient. . Multiple diagnosis can be realized for each patient. Head trauma (n=102; 77%); ICH (n=63; 48%); Vertebral fracture (n=34; 26%); Rib fracture (n=30; 23%); Head contusion (n=18; 14%); Cerebral contusion (n=17; 13%); Pneumo/hemothorax (n=15; 11%); Concussion (n=14; 11%); Nasal bone fracture (n=14; 11%) Base of skull fracture (n=13; 10%)
Discussion
Trauma is generally thought of as a "young person's disease", however, the expanding elderly population challenges this assertion. It is estimated that 19.3% of the total population will be ≥ 65 years of age by 2030. 3, 20, 21 Therefore, it is important to analyze TTA protocols to ensure adequate response for a population with greater co-morbidities and higher mortality rates. [2] [3] [4] [22] [23] [24] TTA, when initiated, is either a priority 1 (full) or priority 2 (partial) activation and ideally correlates with injury severity. It is concerning that current TTA criteria fails to consider the elderly's diminished physiologic response that ultimately leaves them more prone to suffer serious injury from even minor trauma. 2, 3 One has to consider frailty of the geriatric population as a major contributory factor when assessing TTA protocols. Clegg et al. describes frailty as "a state of increased vulnerability to poor resolution of homeostasis after a stressor event, which increases the risk of adverse outcomes, including falls, delirium, and disability." 25, 26 Frailty has a huge impact on geriatric patients as it disproportionately increases with age >65 and is often associated with polytraumatic events. 6, 25, 26 Even with identical mean ISS values, geriatric patients suffer poorer outcomes when compared to younger demographic; as a person ages they have an increased vulnerability to injury and shock. 3, 4, 22, [27] [28] [29] Considering the paucity of data on under-triaged geriatric patients, it is vital to incorporate age-specific guidelines in TTA criteria in order to improve geriatric trauma outcomes. 2, 7, 11, 22, 30 Using the Cribari method, our data analysis revealed the under-triage rate to be 9.5%; significantly greater than the < 5% standard set by ACS. Head trauma was the most common diagnosis in under-triaged patients, while intracranial hemorrhage was associated with the highest ISS value and mortality rate ( Table 2 ). This could be attributed to higher prevalence of antiplatelet/anticoagulation therapy in geriatrics. Both aspirin and warfarin are associated with increased mortality, but only aspirin has been associated with increased intracranial hemorrhage. 27, 31 Although intracranial hemorrhage results in higher mortality rates, traumatic brain injury (TBI) remains a critical prognostic factor. It was shown even mild TBIs are independent risk factors for increased mortality. 32 When comparing age stratified TBI patients, geriatrics have nearly a 75% higher mortality rate than their younger counterparts. [32] [33] [34] [35] [36] Further analysis demonstrates GCS as a precarious predictive factor in determining outcomes in the geriatric population. For example, a 60% mortality rate was highlighted in Table 2 in those patients with head trauma and a GCS ≤ 12 (ISS was 21.5; well above the major trauma value of 15). Conversely, those patients who sustained a head trauma with a GCS ≥ 13, had a mortality rate of 1.2% (ISS of 10.2; well below major trauma levels). Expanded analysis of the data in Table 2 indicates only 4% of the patients with a 60% mortality risk had full priority 1 TTA, indicating the need for age based criteria in CHH's current TTA protocols ( Table 3 ). Lack of age as a criterion for TTA increases the susceptibility geriatric trauma patients will be under-triaged and as our data shows, this drastically increases risk of mortality. 1, 13 As CHH's under-triage rates are above the acceptable standards set by ACS-COT, we recommend that an aged based criteria be added to our TTA protocol at our community based level II trauma center: priority 1 TTA for all patients 65 years or older sustaining head trauma with a GCS ≤ 12 or suspicion of intracranial hemorrhage. It is the belief of the authors that this age specific criterion will improve emergency response to these potentially life-threatening injuries and may significantly improve the quality of care delivered to this vulnerable patient population. We will monitor the effect of a criteria change with additional projects with interim and long-term data analysis planned.
